I. INTRODUCTION
Alzheimer's disease (AD) is the most common cause of dementia among the elderly people and accounts for more than 80% of dementia cases worldwide [1] . AD is an irreversible and chronic neurodegenerative disorder which is characterized by a cognitive dysfunction and memory loss [2] . The pathologies of AD are the progressive accumulation of the beta amyloid plaques outside neurons in the brain and abnormal forms of the protein tau inside neurons. These changes are eventually accompanied by the damage and death of neurons [3] . Moreover, the pathophysiology of AD is related to oxidative stress and inflammation, failure of synaptic function and a depletion of neurotransmitter acetylcholine (ACh) by acetylcholinesterases (AChE) [4] . AChE is an enzyme participating in cholinergic neurotransmission. It breaks down ACh which terminates the neurotransmission process [5] . A common approach for treating AD is to enhance the ACh level in the brain using AChE inhibitors(AChEIs) [6] . There are only four AChEIs currently approved by the U.S. Food and Drug Administration (FDA). Three of these drugs are commonly prescribed, i.e., donepezil, rivastigmine and galantamine whereas tacrine, the first cholinesterase inhibitor, is rarely prescribed today because of associated side effects like hepatotoxicity [7] . However, these all drugs are known to have limitations for clinical use due to their unfavorable side-effects, short-half-lives and problems associated with bioavailability [1] , [8] . Therefore, the search for finding potential new AChEIs from natural sources that have strong activity to inhibit AChE without side effects is still great interest. Numerous chemical constituents from medicinal plants have been reported for their effects on AChEIs. The active compounds are huperzine-A from Huperziaserrata, galantamine from Galanthus nivalis and Narcissus sp., α-viniferin from Caragana chamlague, ursolic acid from Origanum majorana including coronaridine, voacangine and rupicoline from Tabernaemontana australis [8] , [9] .
Since the development and progression of AD is known as a result from oxidative stress that damages the central nervous system [10] . It plays harmful physiological responses which may lead to develop cell damage and various diseases such as diabetes, atherosclerosis, inflammation and carcinogenesis [11] .
The use of natural antioxidants play an essential role in the prevention of diseases caused by oxidative stress due to the antioxidants can scavenge free radicals and inhibit lipid peroxidation [12] . Therefore, one of the AD therapeutics is especially related to phytotherapy through the use of natural antioxidants to minimize oxidative imbalance [10] . It is accept that vegetables are important elements of a healthy diet due to they contain high protective substances such as fiber, minerals and antioxidant vitamins [13] . The consumption of vegetables could help prevent chronic diseases such as cardiovascular diseases, hypertension, type 2 diabetes mellitus, dementia and several types of cancers [14] . In Thailand, there are several vegetables that are important for human nutrition and health. Thai vegetables are great interest because they are rich sources of beneficial phytochemicals with pharmacological properties. Some native vegetables have been found to have bioactive compounds with antioxidant activity [15] .
Since, the varying side effects of the synthetic AChEIs, the search for novel active compounds with safe therapeutic as alternative drugs in treating AD are very attractive. Therefore, this study aims to determine the AChE inhibitory and antioxidant properties of some vegetables in the Southern region of Thailand to provide a basic guideline for further develop better AChEIs as well as provide a base for development of dietary supplement for patients suffering from AD.
II. MATERIALS AND METHODS

A. Chemicals
All the chemicals used in these experiments were of analytical grade. AChE enzyme, acetylthiocholine iodide (ATCI), 5,5-dithiobis-2-nitrobenzoic acid (DTNB), bovine serum albumin (BSA), galanthamine, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and L-ascorbic acid were purchased from Sigma-Aldrich (Thailand). All other chemicals were purchased from Merck (Darmstadt, Germany).
B. Plant Materials
Nineteen vegetable materials were purchased from local markets in Songkhla province, the South of Thailand in April and May 2016. The voucher specimens are deposited at Faculty of Pharmaceutical Sciences, Prince of Songkla University. All materials were identified by a botanist of the Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University. Some vegetables are presented in Fig. 1 . Some vegetables used for study the AChE inhibitory and antioxidant properties.
C. Extraction
The vegetable materials were cleaned, cut into small pieces and dried in a hot air oven at 55°C. The dried materials were ground into fine powder. An amount of 100 g of each powdered samples was macerated with 600 mL of 95% methanol for 3 days at room temperature. The methanol extracts were filtered through Whatman No. 4 filter paper and concentrated under reduced pressure using a rotary vacuum evaporator until dryness. The residue was macerated again in 95% methanol for 7 days and filtered. The filtrate was concentrated with the same process and combined with the crude extract from the first extraction and stored at 4°C for further analysis.
D. Enzyme and Samples Preparation
AChE used in the assay was isolated from electric eel (type VI-S lyophilized powder, 480 U/mg solid, 530 U/mg protein). The lyophilized enzyme was prepared in the 50 mMTris-HCl buffer, pH 8.0 to obtain 1130 U/mL stock solution. The enzyme stock solution was kept at-80°C. The further enzyme dilution was dissolved in 0.1% BSA in buffer. The concentration of each extract was adjusted to 1 mg/mL stock solution.
E. Microplate Assay for AChE Inhibitory Activity
Inhibition of AChE activity was evaluated in vitro by the spectrophotometric Ellman's method [16] with minor modifications as detailed by Inganinant et al. [17] using acetyl-thiocholine as substrate. The assay was performed at a final concentration of 100 mg/mL. In brief, 125 µL of 3 mM DTNB, 25 µL of 15 mM ATCI, 50 µL of buffer and 25 µL of sample extract dissolved in buffer were added to the wells of 96-well microplate followed by 25 µL of 0.28 U/mL AChE. The hydrolysis of acetylthiocholine was determined by monitoring the formation of yellow 5-thio-2-nitrobenzoate anion produced from the reaction of DTNB with thiocholine released by the enzymatic hydrolysis of acetylthiocholine [1] at a wavelength of 405 nm on a microplate reader (Bio-Tek Instrument, USA) every 10 s for 2 min. In this method, galantamine was used as a positive control. The percentage of AChE inhibitory activity was calculated according to the formula (1). (1) where V control is the mean velocity of control (containing all reactants, except the sample extracts) and V sample is the mean velocity of the sample extracts. All treatments were performed in triplicate.
F. Antioxidant Activity
The antioxidant capacity of the extracts was measured on the basis of the scavenging activity of the stable DPPH free radical according to the method described by Yamasaki et al. [18] with some modifications. This method is an antioxidant assay based on electron-transfer that produces a violet solution in ethanol. DPPH free radical is stable at room temperature and reduced in the presence of an antioxidant molecule giving rise to colorless ethanol solution [19] . An amount of 100 µL of sample solution at various concentrations (1-200 µg/mL) was mixed with 100 µL of 0.1 mM DPPH solution in absolute ethanol, in a 96-well plate. The reaction mixture was vortexed and incubated at room temperature for 30 min. After that, absorbance of the mixture was detected using a microplate reader at 517 nm. The control solution was prepared by mixing absolute ethanol and DPPH solution. Antioxidant efficacy of the sample extracts was compared with those of L-ascorbic acid, a positive control. The experiment was carried out in triplicate for each sample. The percentage of antioxidant activity (%AA) was calculated according to the formula (2).
where Acontroland Asampleis the absorbance values of the control and the sample extracts, respectively. The results were expressed as EC 50 value (concentration of the sample extract producing 50% scavenging of DPPH radicals) which was obtained by plotting the %AA versus sample concentrations.
III. RESULTS AND DISCUSSION
A. AChE Inhibitory Activity
The nineteen vegetable extracts belonging to fourteen families were screened for their anti-AChE in vitro by the spectrophotometric method. AChE inhibitory activity was classified as potent (>50% inhibition), moderate (30-50% inhibition), inactive or low (<30% inhibition) suggested by Vinutha et al. [20] . The percent inhibition data of the extracts are presented in Table I [21] .
The aqueous and ethanol seeds extracts of Vigna unguiculata (L.) Walp. were reported as a good antibacterial activity [22] and its constitutens composed of tannins and phenolic acids such as p-hydroxybenzoic acid, protocatechuic acid, 2,4-dimethoxybenzoic acid and cinnamic acid derivatives [23] . Therefore, the strong AChE inhibitory of our study may be due to the rich of phenolic acid contents. In addition, most of the AChE inhibitory compounds are known to contain heterocyclic nitrogen (e.g. alkaloidal) which play an important roll, the high activity of Vigna unguiculata may be also due to the rich alkaloidal contents [24] . An interesting result in present study, the fruits extract of Momordica charantia L. or bitter gourd in Cucurbitaceae family possessed moderate AChE inhibitory activity with percent inhibition of 45.63 ± 1.83. This plant is both a nutritious and healthy food. These two vegetables (Vigna unguiculata (L.) Walp. and Momordica charantia L.) are interesting to further study of active compounds for AD.
B. Antioxidant Activity
The capacity of vegetable extracts on antioxidant property was evaluated through DPPH radical scavenging activity. The EC 50 values of all extracts indicating antioxidant property are presented in Table I . The wild mango, Spondias pinnata (L.f.) Kurz., in Anacardiaceae family exhibited the most potent antioxidant capacity with an EC 50 value of 1.89 µg/mL. Interestingly, the activity of this extract was comparable to that of the positive control, L-ascorbic acid (EC 50 = 1.62 µg/mL).
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Moreover, the morning glory, Ipomcea aquatica Forsk. also showed high activity with an EC 50 value of 4.49 µg/mL. Among four vegetables belonging to the Labiatae family, Mentha cordifolia Opiz. and Ocimum basilicum L. possessed good antioxidant activity with EC 50 values of 8.22 and 9.19 µg/mL, respectively. Furthermore, Piper sarmentosum Roxb. in Piperaceae family also showed good activity with EC 50 values 10.78 µg/mL. Our result for methanol extract of Piper sarmentosum Roxb. was in agreement with a previous study reported that this plant showed good activity with 51.47% DPPH scarvenging [25] . A variety of antioxidant compounds, naturally occurring in a number of dietary sources have been identified as free radical or active oxygen scavengers.
Several Thai indigenous vegetables have previously been shown to exhibit excellent sources of antioxidant compounds.They contained high amounts of phenolic compounds, e.g., gallic acid, caffeic acid, catechins, anthocyanidins, quercitin and rutin [26] . These compounds found in dietary and medicinal plants that could inhibit oxidative stress by antioxidant mechanism which are known to be a powerful chain breaking antioxidant, radical scavengers, metal chelators, reducing agents, hydrogen donors, and singlet oxygen quenchers [4] . In the present study, the potent antioxidant activity of vegetable extracts was possibly due to the hydroxyl and superoxide radical scavenging of phenolic compounds. 
